The aim of this study was to investigate the association of various dimensions of social capital at the individual level with physical activity. We used data from community health interviews conducted in 40 sub-municipal-level administrative units with high mortality from August to October in 2010, 2011 or 2012 for health projects in South Korea. The 8800 study subjects included 220 adults from each administrative unit, who were sampled systematically using the resident registration database. The physical activity level was defined according to the intensity, duration and frequency of self-reported physical activity. Social capital indicators were assessed with measures used in other health surveys or studies. Adjusting for gender, age, marital status, educational level, occupation, food security (a proxy for socioeconomic status), administrative unit and self-rated health, we calculated the adjusted odds ratio (AOR) with a 95% confidence interval (CI) of participating in physical activity based on various measures of social capital using multivariate logistic regression analysis. Social participation in both informal and formal organizations compared with no social participation, higher generalized trust compared with lower trust and higher perceived control at both the community and individual levels compared with lower perceived control at both levels increased the odds of being physically active [AOR = 1.25 (95% CI: 1.10-1.41), 1.36 (95% CI: 1.19-1.54) and 1.31 (95% CI: 1.17-1.48), respectively]. Various social capital measures at the individual level were found to be associated with physical activity independently of each other and of confounders in communities with high mortality in Korea.
INTRODUCTION
Regular physical activity reduces the risk of premature death and of developing chronic diseases including coronary heart disease, stroke, hypertension, type 2 diabetes, colon and breast cancer and obesity (U.S. Department of Health and Human Services, 2008) . Therefore, promoting a physically active lifestyle is a public health priority.
Individual, social and environmental factors have been shown to be associated with physical activity in adults (Seefeldt et al., 2002; Trost et al., 2002; Bauman et al.,(Chau, 2007) . By promoting healthy behaviors like physical activity, social capital can influence health positively (Kawachi et al., 1999) . As social capital has been defined in various ways, there is no clear consensus on its definition (Bryant and Norris, 2002) . Social capital indicators used in surveys usually fall into the five categories of social participation; social networks and support; trust; perception of community and perceived control (or empowerment) (Bryant and Norris, 2002; Morgan and Swann, 2004) .
Many studies (Lindström et al., 2001; Lindström et al., 2003; McNeill et al., 2006; Ueshima et al., 2010; Legh-Jones and Moore, 2012; Nieminen et al., 2013) have indicated that higher social participation is associated with higher levels of physical activity. Social networks and support also have been found to be positively associated with increased physical activity (Seefeldt et al., 2002; McNeill et al., 2006) . Evidence is not consistent for generalized trust. One study (Ueshima et al., 2010) showed that higher generalized trust was associated with higher participation in physical activity, while others (Legh-Jones and Moore, 2012; Nieminen et al., 2013) did not. Much attention has been given to the physical and social factors related to physical activity in the community. Physical community environmental factors have consistent influences on physical activity (Giles-Corti and Donovan, 2002; Humpel et al, 2002) . For instance, in one study, people who perceived their neighborhoods as safe were more likely to be physically active, but no associations were found between physical activity and vandalism, assaults, muggings or experiences of crime (Harrison et al., 2007) . However, there is little evidence about the association of perceived community problems (e.g. alcoholism, vandalism and noise) with physical activity, nor of the association of perceived control with physical activity.
The aim of this study was to investigate the association of various dimensions (social participation, trust, perception of community and perceived control) of social capital at the individual level with physical activity in Korea where little is known about this topic.
METHODS

Study population and data collection
The data used in this study were from community health interviews conducted in 40 sub-municipal-level administrative units (called 'myeon', 'eup' or 'dong') of local city or county government with high mortality from August to October in 2010, 2011 or 2012 for Health Plus Happiness Plus Projects, strategies to address regional health inequalities in Gyeongsangnam-do Province in South Korea. 'Myeon' is similar to a rural township of a county, 'eup' to a town of a county and 'dong' to a neighborhood of a city. The locales included in this study had populations ranging from ∼1300 to 13,000. The 8800 study subjects constituting ∼4% of the total population included 220 participants from each administrative unit, who were sampled systematically using the resident registration database. Interviewees were adults aged 19 or older who had the earliest birth month and day of the year in their respective households, regardless of age. Door-to-door interviews were conducted by trained interviewers to collect information about sociodemographics, social capital measures and health behaviors including physical activity. The average response rate was 74.8% in 2010 (17 areas), 72.0% in 2011 (12 areas) and 70.3% in 2012 (11 areas).
Before the interviews began, all participants were informed about the aims of the projects and the confidentiality of the information they would give, and signed the written consent.
Measures
Social participation
To measure social participation, participants were asked if and how actively (very actively, actively, neutral, not actively and not at all actively) they had been involved in formal groups ( political parties, school associations, religious meetings, women's clubs, environmental groups, groups for youth or older people, volunteer groups, unions and neighborhood watch groups) and informal groups (various social gatherings, adult education groups, sports groups and other). If participants reported their levels of participation in these activities as 'not active' or 'not at all active', their responses were re-coded as 'no participation'.
Social participation was analyzed as a categorical variable consisting of 'no participation', 'participation only in informal', 'participation only in formal' and 'participation in both formal and informal'.
Trust
Generalized trust was assessed with three questions used in the Health Survey for England by the National Center for Social Research (Bajekal and Purdon, 2001) . The questions were: 'Generally speaking, would you say that most people can be trusted or you can't be too careful in dealing with people?', with responses of 'can be trusted', 'can't be too careful' or 'don't know'; 'Would you say that most of the time people try to be helpful or just look out for themselves?', with responses of 'try to be helpful', 'look out for themselves' or 'don't know' and 'Do you think most people would take advantage of you if they got the chance or would they try to be fair?', with responses of 'take advantage', 'try to be fair' or 'don't know'.
Generalized trust was analyzed as a quantitative variable with possible values of 0, 1, 2 or 3, which indicated the number of positive responses to the three questions.
Perception of community ( perceived community problems) In this study, perception of community was measured as perceived community problems according to the secondary standards for social capital by the Office for National Statistics (Harmonisation Team, 2008) . We asked about the following five community problems: 'How much of a problem are (is) troublesome neighbors, teenagers hanging around on the street, people being drunk or rowdy in public places, rubbish or litter lying around, and deliberate damage to property or vehicles?', with responses of very big problem (1), fairly big problem (2), neutral (3), not a very big problem (4) and not a problem at all (5). Total scores ranged from 5 to 25.
The variable of perceived community problems was analyzed categorically as 'not a problem at all' (total score of 25), 'little' (total score range of 20-24) and 'yes' (total score range of 5-19).
Perceived control (level of empowerment)
We used the perceived control scale developed by Israel et al. (Israel et al., 1994) to measure the level of empowerment. The scale consists of 12 questions designed to assess an individual's perception of control or influence at the three levels of analysis-individual, organizational and community (Israel et al., 1994) . We asked only seven perceived control questions (two at the individual and five at the community level) for this study. Participants were asked 'Do you agree strongly (5), agree (4), neutral (3), disagree (2), or disagree strongly (1)?' for a list of seven statements. The statements were 'I have control over the decisions that affect my life', and 'I am satisfied with the amount of control I have over decisions that affect my life' at the individual level. At the community level, they were 'My community has influence over decisions that affect my life', 'I can influence decisions that affect my community', 'By working together, people in my community can influence decisions that affect the community', 'People in my community work together to influence decisions on the national level' and 'I am satisfied with the amount of influence I have over decisions that affect my community'. Perceived control scores at the individual level ranged from 2 to 10, and those at the community level ranged from 5 to 25. Cronbach's α was 0.826 at the individual level, and 0.869 at the community level in this study.
Perceived control was analyzed as a categorical variable consisting of 'Low scores at both the community and individual levels', 'High score at only the community level', 'High score at only the individual level' and 'High scores at both the community and individual levels'. High scores at the community level were 13 (median value) and above, and those at the individual level were 8 (median value) and above.
Physical activity
Physical activity, the outcome variable, was measured with the following questions: 'On how many of the last 7 days did you perform vigorous physical activities causing rapid breathing (for example, jogging, running, fast cycling, fast swimming, football, basketball, rope jumping, squash, tennis [single], carrying heavy loads etc.) for at least 10 minutes?', 'On how many of the last 7 days did you perform moderate physical activities making you feel slightly out of breath (for example, slow swimming, tennis [double], volleyball, badminton, table tennis, carrying moderate loads etc.) for at least 10 minutes?' and 'On how many of the last 7 days did you walk (for any purpose) for at least 10 minutes?' People who answered that they did vigorous physical activities for at least 10 min for at least 3 days, or that they did moderate-intensity physical activities for at least 10 minutes for at least 5 days, or that they walked for at least 10 min for at least 5 days during the last 7 days, were categorized as 'physically active' for analysis.
Socio-demographics and self-rated health Socio-demographic factors such as gender, age, marital status, educational level, occupation, food security and administrative unit (myeon, eup and dong) were included as covariates in the analysis. Age was stratified into five categories: ≤39, 40-49, 50-59, 60-69 and ≥70 years. Based on the participants' responses, the marital status of each participant was categorized into one of four groups: living with spouse; not married (age ≥30); not married (age ≤29) and divorced, widowed or other. Occupation was categorized into one of seven groups: manager; professional or clerk; sales or service; farmer or fisherman; technical engineer; blue collar worker; house wife and other or unemployed. The educational level was based on the highest educational degree completed by the respondent, and was categorized into one of four groups: no education; elementary school; middle or high school and junior college or more. Accurate information on household income was difficult to obtain, so we replaced it with information about household food security, which reflects household income well (Korea Ministry of Health and Welfare and Korea Centers for Disease Control and Prevention, 2011). We used the question from the Canadian Community Health Survey (Health Products and Food Branch, 2007) , 'Which of the following statements best describes the food eaten in your household in a recent year?'. Based on the responses, household food security was categorized into one of four groups: always enough of the kinds of foods they wanted to eat, enough of the kinds of foods they wanted to eat but not always, sometimes not enough and often not enough.
As health status is an important determinant of physical activity (Bauman et al., 2012) , we considered self-rated health as a confounder. Participants were asked to rate their own general health on a five-point scale: very good, good, fair, poor and very poor; these ratings ultimately were categorized into three groups: good, fair and poor.
Statistical analysis
In simple analysis, we created cross-tabulations to analyze the associations of socio-demographic variables and selfrated health with physical activity. p-values were calculated using the χ 2 test. Crude odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regression to analyze the separate associations of different dimensions (social participation in organizations, generalized trust, perceived community problems and perceived control) of social capital with physical activity. Adjusted odds ratios (AORs) and 95% CIs also were calculated using logistic regression analysis. The analysis proceeded in three steps. Regression models included Model 1, in which physical activity was regressed on sociodemographic variables such as gender, age, marital status, educational level, occupation, food security (a proxy for socio-economic status) and administrative unit, Model 2 (Model 1 plus self-rated health), and finally Model 3 (Model 2 plus social capital). Thus, we calculated the AOR of participation in physical activity based on the aforementioned measures of social capital. Change in 2 log-likelihood between Models 2 and 3 was calculated to determine whether adding social capital variables to Model 2 would further improve fit. All analyses were performed using PASW Statistics 18 (WinWrap Basic, 2009).
RESULTS
Among 8800 participants, 53.4% of the study subjects were physically active. Self-rated health and all socio-demographic characteristics (gender, age, marital status, educational level, occupation, food security and administrative unit were significantly associated with physical activity (Table 1) . All social capital measures except perceived community problems were significantly associated with physical activity in simple analysis. Crude ORs for physical activity based on social participation only in informal organizations, social participation only in formal organizations, and social participation in both informal and formal organizations compared with no social participation were 1.30 (95% CI: 1.17-1.44), 1.19 (95% CI: 1.01-1.40) and 1.47 (95% CI: 1.31-1.64), respectively. The crude OR for physical activity based on three positive responses to the three question items of trust compared with no positive responses was 1.41 (95% CI: 1.26-1.59). Regarding the perceived control measure, the crude ORs for physical activity based on a high score at only the community level, a high score at only the individual level, and high scores at both the community and individual levels compared with low scores at both the community and individual levels were 1.19 (95% CI: 1.05-1.36), 1.51 (95% CI: 1.33-1.71) and 1.57 (95% CI: 1.41-1.76), respectively (Table 2) .
Including self-rated health (Model 2) in logistic regression model 1 significantly improved the fit. Adding social capital measures (Model 3) further improved the fit, confirming that social capital has an independent association with physical activity. All social capital measures except perceived community problems were significantly associated with physical activity in logistic regression analysis. Though the strengths of the associations were weakened, the significance levels were maintained after adjustment for socio-demographic variables and self-rated health. The AORs for physical activity based on social participation only in informal organizations, social participation only in formal organizations and social participation in both informal and formal organizations compared with no social participation were 1.12 (95% CI: 1.00-1.25), 1.11 (95% CI: 0.94-1.31) and 1.25 (95% CI: 1.10-1.41), respectively. The AOR for physical activity based on three positive responses to the three items of trust compared with no positive responses was 1.36 (95% CI: 1.19-1.54). Regarding the perceived control measure, the AORs for physical activity based on a high score at only the community level, a high score at only the individual level, and high scores at both the community and individual levels compared with low scores at both the community and individual levels were 1.11 (95% CI: 0.97-1.27), 1.43 (95% CI: 1.26-1.63) and 1.31 (95% CI: 1.17-1.48), respectively ( Table 3) .
The educational level was significantly related to physical activity in Models 1 and 2. However, including social capital measures in Model 3 weakened or nullified this association (Table 3) .
DISCUSSION
This study demonstrated that various social capital measures like social participation, trust and perceived control were associated with physical activity, regardless of potential confounders such as socio-demographic characteristics and self-rated health, in Korean communities with high mortality. However, this was not the case for the perception of community.
To measure social capital, which has been defined in various ways, we used concepts and an operational definition published by the Health Development Agency in the UK (Morgan and Swann, 2004 ) and used in the Statistics Canada Survey (Bryant and Norris, 2002) . Thus, the measurements of social capital in this study were mainly based on the individual-level questions to be aggregated. The definition of the dependent variable, physical activity, also differs somewhat from study to study. We defined physical activity according to the type, duration and frequency. We categorized people who walked or engaged in other physical activities for at least 10 min per day as 'physically active' for analysis. We wanted to categorize those who followed the recommendations from American Heart Association (American Heart Association, 2014), i.e., who walked or engaged in 30 min of moderate-intensity aerobic activity at least 5 days per week, or in 25 min of vigorous aerobic activity at least 3 days per week as 'physically active'. However, we selected 10 min per day as the criterion for physical activity because aerobic activity should be performed in sessions of at least 10 min (American Heart Association, 2014), and a person can more easily and accurately determine a 10-min duration. Although 10 min per day is below the current recommendations for physical activity (American Heart Association, 2014), a recent review suggested that only 15 min per day of moderateto-vigorous physical activity has a beneficial effect on health in older adults (Hupin et al., 2015) . The association of social participation in informal and/ or formal organizations with a higher level of physical activity in this study population is consistent with many other published studies (Lindström et al., 2001; Lindström et al., 2003; McNeill et al., 2006; Poortinga, 2006; Ueshima et al., 2010; Legh-Jones and Moore, 2012; Nieminen et al., 2013) . The consistency among studies, despite the use of slightly different measurement questions and the various socio-cultural contexts, suggests a robust association between social participation and physical activity. This has been suggested as one pathway that may link social participation and health (Szreter and Woolcock, 2004; Nieminen et al., 2013) . Plausible mechanisms by which social participation promotes physical activity have been proposed. For example, people who have higher social participation may be able to access resource, such as ideas, information, money, services or favors, more easily than those who do not (Szreter and Woolcock, 2004) . Alternatively, the healthy norms of physical activity could diffuse much more rapidly in groups in which members know and trust one another (Kawachi et al., 1999) .
People with the highest level of generalized trust had higher levels of physical activity than those with lower levels of trust in this study, which is consistent with some previous studies (Poortinga, 2006; Ueshima et al., 2010) . Generalized trust, a robust predictor of lower rates of violence, could encourage physical activity through feelings of security in the neighborhood (Sampson et al., 1997; Ueshima et al., 2010) . According to Abbott and Freeth (Abbott and Freeth, 2008) , another possible pathway is that trust may promote other components of social capital, such as social networks or social participation, and then physical activity. In such case, adding social participation as a covariate could weaken the association between generalized trust and physical activity. However, the independent associations of physical activity with both generalized trust and social participation were c High score at the community level, ≥13; high score at the individual level, ≥8. Nieminen et al., 2013) failed to show a significant relationship between generalized trust and physical activity. Differences among studies may be due to the use of generalized trust, as opposed to more particular measures of trust such as neighborhood trust or institutional trust (Legh-Jones and Moore, 2012), or may reflect differences in the social attitudes about trust in the study areas (Abbott and Freeth, 2008) . Unlike other social capital measures, perceived community problems like troublesome neighbors, teenagers hanging around on the street, people being drunk or rowdy in public places, rubbish or litter lying around or deliberate damage to property were not associated with physical activity in either simple or multivariate analysis in the present study. A review (Humpel et al., 2002) concluded that perceived physical environmental factors like accessibility, opportunities and aesthetic attributes have consistent associations with physical activity. In another study done in eight European countries, lower levels of graffiti and litter in residential environments assessed by trained surveyors were associated with higher physical activity (Ellaway et al., 2005) . Literature investigating the relationship between physical activity and perceived community problems with the same questions used in this study were not found in an on-line database. However, in a study to analyze the effect of neighborhood perception on physical activity, no association was found for the perceived community problem of vandalism (Harrison et al., 2007) , which is consistent with our study. The community problems in the questionnaire in our study were not the serious threats to safety that have potentially large effects on physical activity (Harrison et al., 2007) . We think this is why no association was found between perceived community problems and physical activity. Another reason is that only a small percentage (<20%) of respondents reported there were some problems in their communities.
In this study, perceived control, especially at the individual level, was shown to have a positive influence on physical activity. A considerable number of different control constructs and types of controls have been included in many theories and studies of human behavior. Perceived control has been a central concept and an important predictor of health behavior for several reasons. For example, an individual may need to have a sense of control in order to make behavior changes (Thompson and Schlehofer, 2008) . In our study, perceived control at the individual level involved decisions in one's own life to measure empowerment using the perceived control scale developed by Israel et al. (Israel et al., 1994) . It seemed that the higher the perceived control in one's life, the more the perceived control was over behavioral performance. The educational level was significantly related to physical activity in Models 1 and 2. However, as in another study (Legh-Jones and Moore, 2012) , including social capital measures in Model 3 weakened or nullified this association, which suggested that the association was mediated partly by social capital. This may be because educational attainment is the institutionalized form of cultural capital, and the latter can facilitate the possession of social capital acquired during educational experiences, according to theories inspired by Bourdieu (Veenstra and Patterson, 2012) .
Study limitations
Our study has several limitations. First, like other research on social capital and physical activity, this study is based on cross-sectional survey data. An association in such a study does not always imply a causal relationship, but simply means that people with high-physical activity participation are also likely to have high levels of social capital (Chau, 2007) . As Ueshimaet al. (Ueshima et al., 2010) suggested, however, it is unlikely that being physically Yes, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] little, [20] [21] [22] [23] [24] not at all, 25. c High scores at the community level, ≥13; high scores at the individual level, ≥8.
active causes people to trust others in their community. Nevertheless, further study using a cohort design is needed to exclude the possibility of reverse causation. Secondly, we measured social capital using aggregated individuallevel questions. However, as the concept of social capital is usually understood at the group level (Bryant and Norris, 2002) , multilevel analysis could provide useful information regarding the influence of contextual social capital on behavior (Ueshima et al., 2010) . In a previous study that used multilevel analysis to investigate the association between social capital and physical activity, physical activity was mainly affected by individual-level social capital and other variables (Lindström et al., 2003) . Thirdly, although we intended to investigate the association of various dimensions of social capital at the individual level with physical activity, we did not gather information on social networks, including contact with friends and family, an important theme of social capital. Higher social networking is known to be associated with physical activity (Kobayashi et al., 2013) and to mediate the association between social participation and physical activity (Legh-Jones and Moore, 2012). Fourthly, the survey areas in this study are those with high mortality, which might limit the generalizability of the study results. However, no bias occurs if disease ( physical activity) and exposure (social capital) independently affect selection (Greenland, 1998) in estimating the association of social capital at the individual level with physical activity. We reason that such independence will hold in this study.
CONCLUSION
Various social capital measures at the individual level, such as social participation, generalized trust and perceived control, were found to be associated with physical activity independently of each other and of confounders in communities with high mortality in Korea. This study suggests that strategies to build social capital might enhance physical activity and health in a community.
